Introduction
The near-surface circulations of the equatorial Atlantic and Pacific Oceans may be described by a westward flowing South Equatorial Current (SEC) within the surface layer above an eastward flowing Equatorial Undercurrent (EUC) within the thermocline. These currents vary seasonally with the trade winds that force them. Generally, as the southeast trade winds intensify from their boreal springtime minimum, the SEC accelerates until a zonal pressure gradient is established to balance the wind stress. Prior to achieving this balance the equatorial currents become unstable, generating waves of planetary scale. Such wave observations, reported from the Global Atmospheric Research Program (GARP) Atlantic Tropical Experiment (GATE) by Diiing et al. [1975] , motivated a set of stability analyses by Philander [1976, 1978] . Similar waves were reported in the Pacific by Legeckis [1977] . While seasonally and interannually modulated, these tropical instability waves are now recognized as ubiquitous features of the tropical circulation field. Initial studies of their interactions with the background fields using in situ data from the Atlantic and Pacific Oceans by Weisberg [1984] and Hansen and Paul [1984] , respectively, showed that these waves play important roles in the nearsurface heat and momentum balances, confirming inferences drawn from the numerical model study of Cox [1980] .
With the objective of further defining the effects of these waves on the near-surface mass, momentum, heat, and mechanical energy balances, the Tropical Instability Wave Experiment (TIWE) was initiated in boreal spring 1990 near 140øW. The TIWE field program included arrays of moored instrumentation, shipboard hydrographic mapping, and LaCopyright 1995 by the American Geophysical Union.
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0148-0227/95/95JC-00305505.00 grangian drifter tracking. Reported herein are velocity observations from an equatorial array of subsurface moored, acoustic Doppler current profilers (ADCP) centered on 0 ø, 140øW. Specific focus is on a description of the background currents, the observed variability, and the wave's kinematics. Mass, momentum, and energy considerations will be topics of future correspondence. Section 2 reviews previous instability wave observations. Section 3 introduces the field program and the data. Section 4 describes the instability wave variance, as observed by the equatorial array, and section 5 provides a wavenumber analysis. The results are discussed in section 6, where the available evidence suggests a hypothesis on the roles of the SEC and the EUC in tropical instability wave generation.
Background
Tropical instability wave observations have been reported by a variety of means. These include (1) velocity measurements from moorings [Weisberg, 1979; weeks, 1000 km, and 50 cm s -1 respectively.
The tropical instability waves appear to be confined mainly to the surface layer, with energy dropping precipitously through the thermocline. Thus, on the equator, most of the wave energy, primarily in the form of perturbation kinetic energy, appears above the EUC core [Weisberg, 1979 [Weisberg, , 1984 Weisberg [1984] found that the onset of large horizontal Reynolds stress values occurred synchronously with the instability waves and that the deformation work (barotropic conversion) calculated within the surface cyclonic shear region of the SEC just north of the equator was sufficient to account for the instability wave' s growth. Both the Reynolds stress and the wave perturbation energy decreased below 50 m depth. Wave energy was also found to progress eastward, opposite to the direction of phase propagation. Hansen and Paul [1984] , with data covering a broad latitudinal extent, showed that the largest barotropic conversion of mean to wave energy at the surface occurred within the SEC. Their observations implied that the waves extract energy from the mean flow just to the north of and, conversely, just to the south of the equator and that the instability waves cause heat to converge on the equator, opposing the cooling effects of Ekman divergence. The Reynolds stress analysis of Lukas [1987] further supported the idea of near-surface barotropic production just north of the equator.
While the near-surface horizontal Reynolds stresses associated with the instability waves in both the Atlantic and Pacific Oceans have been found to be largest on, with oppositely directed stress gradients to the north and south of, the equator, the Reynolds stress gradients alone do not imply an interaction between the background currents and the waves [Charney and Drazin, 1961] Using repeated meridional sections of velocity and density from the Hawaii to Tahiti Shuttle Experiment, Luther and Johnson [1990] provided further insights on the instability mechanisms. Three distinct sources of wave energy were identified, the first being the barotropic mechanism described earlier, but with emphasis on the shear region between the EUC at the equator and the SEC north of the equator, and the other two being baroclinic mechanisms occurring at the frontal regions between 3øN-6øN and 5øN -9øN, respectively. The timing of these mechanisms differed from one another, the first occurring in boreal summer/fall and the other two occurring in winter and spring, respectively. Instabilities deriving from these different mechanisms were suggested as accounting for the differences in the observed periods of oscillation.
There 
Variance Distribution and Modulation
Variance density spectra for the v and u components support the description of the instability waves as narrowband, primarily v component processes. Figure 6 shows the logarithm of these spectral densities as functions of depth and frequency along 140øW at IøN, 0 ø, and løS. The highlighted values show a peak in the v component centered on 500-hour periodicity, nearly symmetric about the equator and confined above the EUC core (located at 110 m, on average). On the equator there is a subtle suggestion of a shift to slightly lower frequency with depth. While this shift is not statistically significant, it is consistent with previous observations (section 2). The u component spectra do not show a similar spectral peak. Instead, the variance density increases with decreasing frequency, except for local maxima about the EUC core at both IøN and løS. These local maxima are consistent with meridional advection in the presence of the EUC mean meridional shear, as will be commented upon later. The kinematics of the velocity component oscillations may be described using a rotary spectral analysis. Figure 7 shows the semiminor to semimajor axes ratio for the velocity hodograph ellipse and the ellipse polarization as a function of frequency and depth along 140øW at IøN, 0 ø, and løS. On the equator the motions tend to be rectilinear without preferred polarization, while off the equator the ellipse eccentricity decreases and the oscillations tend to be polarized clockwise to the north and anticlockwise to the south, respectively. Similar findings, consistent with equatorial wave dynamics, have been reported for the equatorial Atlantic and Pacific 
Wave Kinematics With 115 time series of horizontal velocity vectors (5 locations x 23 depths) an efficient analysis technique is required to determine their interrelationships. Empirical orthogonal function (EOF) analysis [e.g., Preisendorfer
, 1988] provides a data dependent way of separating the coherent wave signatures from the extraneous background fluctuations. EOF analysis transforms a set of time series into a set of orthogonal modes that span the data space, with each mode accounting for a successively smaller portion of the total data set variance. For a coherent array, most of the wave-related variance will reside within one mode, the structure of which describes the kinematical properties of the wave field. EOFs may be calculated in several ways: in the time domain using correlation or covariance matrices, in the frequency domain using coherence or cross-spectral matrices, or by Hilbert transform which is a hybrid between the time and frequency domain approaches. For wave analysis, wherein information on phase propagation is critical, analyses in the frequency domain or by Hilbert transform are the most useful. The present study used several of these approaches, including treating the v and the u components separately as well as together. The calculations found to be most useful were by frequency domain and Hilbert transform applied separately to the v components, since the v (Table 1) , even including the earliest short duration, statistically indeterminate estimates from the GATE program. This provides an example in geophysics where the results from an ensemble of independent measurements may be compared within confidence intervals inferred by an ergodic hypothesis, and the comparison is very good. It may be concluded that the instability waves derive from a seasonally modulated, but stationary, random process that is narrowband in frequency and zonal wavenumber. Barotropic instability as a mechanism for wave generation is qualitatively understood, but the selection of the central fre-quency and wavenumber, along with additional mechanisms of instability, requires more theoretical guidance. 
